approach as more tools and methodologies are discovered and developed to build up the correlation and network of molecular multiomics with clinical phenotypes, identify disease-specific individual phenomes by patient trait prediction using whole-genome sequencing data, and indicate genetic alterations by gene profiling prediction using patient phenomics. The current application of clinical trans-omics is focused on the discovery and development of disease-specific diagnostic biomarkers and therapeutic targets. Clinical trans-omics will furthermore be applied for the design and decision-making regarding therapeutic strategies for individuals and for the prediction of patient prognosis and burden of social medical care. It is time to define and translate the concept of clinical trans-omics into clinical practice to benefit patients, especially those with serious, rare, or complex diseases.
Precise discovery of diagnostic biomarkers
Multiomics is defined as a biological analysis approach where more than two omics measurements are performed simultaneously in one cell, organ/tissue, or body. The nomenclature with "omics" suffix, e.g., genomics, proteomics, metabolomics, transcriptomics, lipidomics, immunomics, glycomics, or RNomics, is growing with the rapid development of techniques. The development of human diseases is highly dependent upon genetic and environmental changes. For example, chronic lung diseases occur in patients with susceptible genetic backgrounds and worsen from airway inflammation and chronic obstructive pulmonary diseases to lung cancer, after repeated provocations of infection and pollution (Wang, 2016) . There is an example of studying the interaction and influence between bacteria and their environmental elements, by integrating trans-omics from bacterial transcriptomic and fluxomic layers with networks of environmental phenotypes and by focusing multiomics layers into one network with comparison to the global network of environmental elements (Angione et al., 2016) . This indicates that it is possible to merge and integrate omics data from molecular networks, phenome networks, or networks of any other factors, although this is still far away from clinical practice. There is a definite gap of knowledge in multiomics disease-specific biomarkers and a solid request to bring clinical phenomes into account (Chen et al., 2016; Kawamura et al., 2018; .
Identification of therapeutic targets
Therapeutic targets can be molecules or subcellular organelles that are mainly dependent upon critical and specific biological functions Wu et al., 2018) . Multiomics can play a unique and important role in the identification of therapeutic targets in clinical trials, while the role in target validation should be further clarified. Based on the principle of trans-omics, (Konno et al., 2018) identified therapeutic targets for gastrointestinal cancer by measuring methylomics and transcriptomics in the ornithine decarboxylase degron-positive cancer stem cell model of gastrointestinal tumor in response to drug-based therapies. In addition to standard analyses of gene expression and DNA methylation, there is a urgent need to have a new strategy to analyze trans-omics data by calculating the variation between transcription and DNA methylation during and after the treatment and correlating core genes selected from those significant changes in both methylation and expression. Such a protocol of preclinical transomics can be considered as a reference to identify targeting molecules, which can control and regulate the sensitivity and/or resistance of patients. In particular, clinical trans-omics is likely to be more and more important for discovering mechanisms and targets during the development of target-based drug resistance or toxicity in cancer therapies. The specificity of therapeutic targets or targets responsible for sensitivity or resistance to drugs selected from multiomics is dependent upon multiomics characteristics and selection, efficient elimination of noises and false-positive targets, individualized dynamic networks, and regulatory enhancers and suppressors.
Analytic methodologies of trans-omics data
One of the most difficult challenges is to develop precise analytic methodologies and standardize the deep mining processes, in order to meet clinical requirements of outcome quality. In preclinical research, multiple immature analyses can be explored and applied to cell-and animal model-based studies as these are forbidden in clinical practice. One of the milestone studies developed a new method for analysis of individual biomarker dynamic networks to define the common and specific network characteristics for individual patients (Yu et al., 2015) . It was coined as a personalized dysfunctional gene network by simultaneously integrating genes with different features, e.g., the differential gene expression, expression variance, and differential expression covariance. In contrast from networks constructed from genes of group patients, the individual networks of genes or proteins have a new bi-colored topological structure, can identify genes or gene pairs with innovative power, and measure the expression state or activity of different feature genes and their network or modules in one sample for an individual. Sun and Hu (Sun & Hu, 2016) overviewed and emphasized the importance of integrative analysis of multiomics data in the design, discovery, and functional studies of complex human diseases. They provide valuable recommendations on analytical methodologies for different types of human multiomics data and study designs. Human diseases are more complex than we understood or expected. A large number of methods, together with a real-time improvement and update, are required to trace the core information spanning among multiomics layers.
The importance of clinical phenomes
The most important issue for clinical trans-omics in the discovery of disease-specific biomarkers is to engineer a comparable system or model and integrate molecular multiomics with clinical phenomes. We have tried to integrate core gene networks of genomics in patients with acute exacerbation of chronic obstructive pulmonary disease with clinical phenomes, e.g., patient signs and symptoms, biomedical analyses, pathology, images, and responses to therapies, as compared with healthy individuals, long-term smokers, or individuals at a stable stage of chronic obstructive pulmonary disease or lung cancer. (Chen et al., 2012a; Chen et al., 2012b; Shi et al., 2018; Wu et al., 2014) . The most challenging process is to translate clinical descriptive phenomes into digital values using the designed digital score evaluation system, in order to make the network of clinical phenomes comparable with molecular multiomics. After trans-omics analyses, disease stage-, severity-, duration-, phenome-specific biomarkers can be selected and validated in biological systems. Such pioneering studies on identification and validation of disease-specific biomarkers create new potential for application of clinical trans-omics, although the methodology of integration and analyses of multiomics need to be further improved. Srivastava et al. (Srivastava et al., 2018) provide strong evidence to support the reality of clinical trans-omics used to integrate clinical phenomes with molecular multiomics, by linking histopathological image phenomes with transcriptome and proteome data as predictive models using three different modalities. This study particularly focused on disease stages, estrogen receptor status, pathological subtypes, and convolutional neural network-based classifiers as part of the clinical phenomes on which the model was built up and compared among all data modalities. It is challenging that the number and design of cases in global databases are limited and have their own origin objective. Thus, more prospective and well-designed studies on clinical multiomics are highly desirable.
Trans-omics and clinical phenomes
The other challenging issue is to understand precise correlations between patient phenomes and transomics using improvements of omics measurements and analyses. The ideal molecular medication will define and predict patient phenomes based on transomics-multiomics data or gene/protein profiles from clinical phenotypes. One of the revolutionary studies on phenome-omics transit identified individuals and individual phenomes by trait prediction using genomic data like whole-genome sequencing data (Lippert et al., 2017) . They performed a large cohort study and predicted individual traits by integrating whole-genome sequencing, detailed phenotyping, and statistical modeling and developed the maximum entropy algorithm. This particular study provides strong evidence that clinical phenomes, e.g., patient symptoms and signs, can be defined and predicted by genomic profiling. In addition to the prediction of patient phenomes per se, it is possible to define strains of infected bacteria and predict the severity and drug sensitivity of infection by measuring the metabolome and genome of those pathogens. Monk et al. (Monk et al., 2016) identified strain-specific differences by measuring genome, phenome, and transcriptome and genome-scale modeling and could predict high-production phenomes by defining specific characteristics of each omics profiling, establishing functional characteristics of metabolism from strain-specific genome-scale models, and integrating omics-specific models. This evidences that there are potential solutions to predicting phenomes of complex environmental factors and risks and better understanding the interaction between the environment and humans, between diseases and pathogens, and between phenomes and functions. It will be even more exciting if molecular omics profiling of the patient can be predicted from clinical phenomes, which provides the perfect figure of molecular medicine, although a large number of challenges have to be considered consciously (Hall et al., 2016) .
How far are we from clinical trans-omics for patients?
Clinical trans-omics will be a systemic and comprehensive discipline to screen molecular multiomics according to pathological and clinical categories, define the connection and interaction between patient phenomes and molecules, and engineer multiomics networks of core elements from each individual network. This represents a new and high level of integrative biomedicine to explain the mechanism, early diagnosis, and precision medicine based on the interdisciplinary characteristics of transomics. However, there is an urgent need to develop new systems to create the matched individual networks of metabolomics, lipidomics, and clinical phenomics, and to integrate multiomics data networks in one repository for valuable, accessible, linkable, comprehensive, and dynamically updated and mined information. There is a need for comprehensive, public, and safe databases for clinical trans-omics data in hospitals where they also need a clinical bioinformatics and computational category of scientists to operate and maintain that information. We should ask if hospital and clinics are ready to handle such large-scale biomedicine and clinical trans-omics. A new step forward for clinical trans-omics is to regularly educate, train, and refresh multidisciplinary scientists and physicians. With the rapidly increased number of the "-omics," it is questioned whether the analytic methodology can be developed fast enough to define and integrate such large-scale trans-omics and how much of the trans-omics information can be utilized in clinical practice. In addition to the large bio-variance of molecular multiomics, the even larger variation of clinical phenomes should be seriously considered, although such variation will be narrowed down by more and more data generated from multiomics studies.
In conclusion, clinical trans-omics, different from multiomics, is a new concept and emerging science to integrate data of molecular multiomics, e.g., genomics, proteomics, metabolomics, and lipidomics, with clinical phenomics to identify diagnostic biomarkers and therapeutic targets. Clinical trans-omics emphasizes the valuable messages through clinical phenomes and molecular profiles, rather than the measurement of multiple omics simultaneously. Molecular multiomics describes the networks and correlations among genes, proteins, and lipids, while clinical trans-omics will provide the full picture of patient phenome-based molecular networks for clinical practice. The achievement and impact of clinical trans-omics will be to characterize patients, uncover mechanisms underlying drug responsiveness, and identify new disease-specific biomarkers and targets. Clinicians can easily link clinical phenomes with associated alternations of molecules, although there are still a number of challenges to be overcome.
